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1
TIRE

CROSS REFERENCE TO OTHER
APPLICATIONS

This application claims the benefit of and incorporates by
reference U.S. Provisional Application No. 61/182,244 filed
May 29, 2009.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH

The invention described herein was made in the perfor-
mance of work under NASA Contract No. NNX07AO16A
and is subject to the provisions of Section 305 of the National
Aeronautics and Space Act of 1958 (42 U.S.C. 2457).

FIELD OF INVENTION

The present invention relates to a tire.

BACKGROUND OF THE PRESENT INVENTION

The National Aeronautics and Space Administration
(NASA) was developing new surface vehicles to support long
range lunar exploration and the development of a lunar out-
post. These vehicles will be heavier and will travel greater
distances than the Lunar Roving Vehicle (LRV) developed for
the Apollo program in the late 1960s. Consequently, new tires
will be required to support up to ten times the weight and last
for up to one hundred times the travel distance as compared to
those used on the Apollo LRV, thereby requiring operational
characteristics similar to passenger vehicles used on earth.
However, conventional rubber pneumatic tires cannot func-
tion acceptably on the moon.

For example, rubber properties vary significantly between
the cold temperatures experienced in shadow (down to 40 K)
and the hot temperatures in sunlight (up to 400 K). Further,
rubber degrades when exposed to direct solar radiation, with-
out atmospheric protection. Finally, an air-filled tire is not
permissible for manned lunar vehicles because of the possi-
bility of a flat tire. To overcome these limitations, a tire design
was developed for the Apollo LRV and was successfully used
on Apollo missions 15, 16, and 17. This tire was woven from
music wire, which was robust to lunar temperature variations
and solar radiation, operated in vacuum, and did not require
air for load support. This structure further functioned to con-
tour to the lunar terrain, which facilitated traction and reduced
vibration transfer to the Apollo LRV.

Because of the new weight and distance requirements for
lunar vehicles, a tire with greater strength and durability
would be desirable.

One conventional wheel and non-pneumatic tire assembly
has a variable diameter which, in addition to changing its
diameter, may also change its width, thereby increasing the
area of the wheel that engages the ground. Thus, this non-
pneumatic tire may be adjusted to increase a vehicle’s per-
formance according to the terrain over which it is traveling.
This tire has arching members with first and second ends
connecting a wheel hub. The arching members extend out-
wardly in an arc between the first and second ends. The
arching members form a plurality of flexible hoops spaced
circumferentially around the hub and extending radially out-
ward from the hub.

More specifically, the conventional non-pneumatic tire
forms a cage composed of thirty-eight equally spaced radially
extending hoops that arch between axially outer rims of a hub.
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The hoops are made of helical steel springs filled by wires cut
to a desired length and threaded through the center of the
springs. The conventional hub may be expanded/contracted
axially for varying the diameter of the tire.

The original wire mesh design of the Apollo LRV tire was
found to not be readily scaleable. Specifically, the increase in
wire diameter to create a tire that supported ten times the load
of the original design created two significant limitations: 1)
the ability to contour to the terrain was lost, thus limiting
traction and ability to isolate vibration; and 2) the increased
wire stresses limited functional life. A tire in accordance with
the present invention overcomes these limitations, making the
tire an innovative technological advance for Moon, Earth, and
other planetary surfaces.

SUMMARY OF THE INVENTION

A tire in accordance with the present invention includes a
plurality ofhelical springs. Each helical spring includes a first
end portion, a second end portion, and an arching middle
portion interconnecting the first end portion and the second
end portion. Each helical spring is interlaced with at least one
other helical spring of the plurality thereby forming a laced
toroidal structure extending about an entire circumference of
the tire.

According to another aspect of the present invention, a
subset of helical springs are secured to a first annular rim of a
wheel and/or a second annular rim of the wheel.

According to yet another aspect of the present invention, a
wheel with an annular rim at each axial side of the tire secures
the tire to the wheel.

According to still another aspect of the present invention,
the laced toroidal structure defines a first ply for the tire.

According to yet another aspect of the present invention, a
second ply radially overlaps the first ply.

According to still another aspect of the present invention,
the second ply comprises a laced toroidal structure having a
plurality of helical springs.

According to yet another aspect of the present invention,
each helical spring of the second ply includes a first end
portion, a second end portion, and an arching middle portion.
Each helical spring of the second ply is interlaced with at least
one other helical spring of the second ply thereby forming a
laced toroidal structure extending about an entire circumfer-
ence of the tire.

Another tire in accordance with the present invention
includes a plurality of springs. Each spring includes a first end
portion, a second end portion opposite the first end portion,
and an arching middle portion interconnecting the first end
portion and the second end portion. Each spring extends
radially outward from the first end portion to the middle
portion and radially inward from the middle portion to the
second end portion. Each spring is interlaced with an adjacent
spring on a first side of the spring and further is interlaced
with an adjacent spring on a second opposite side of the spring
thereby forming a toroidal structure extending about an entire
circumference of the tire.

According to another aspect of the present invention, the
first end portion of each spring is secured to a first annular rim
of a wheel and the second end portion of each spring is
secured to a second annular rim of the wheel.

According to still another aspect of the present invention,
each spring forms an arch extending radially outward from a
wheel.

According to yet another aspect of the present invention, a
wheel with an annular rim at each axial side of the tire secures
the springs to the wheel.
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According to still another aspect of the present invention,
the toroidal structure defines a first ply for the tire.

According to yet another aspect of the present invention, a
second ply radially overlaps the first ply.

According to still another aspect of the present invention,
the second ply includes a toroidal structure having a plurality
of springs.

According to yet another aspect of the present invention,
each spring of the second ply includes a first end portion, a
second end portion opposite the first end portion, and an
arching middle portion interconnecting the first end portion
and the second end portion. Each spring of the second ply
extends radially outward from the first end portion to the
middle portion and radially inward from the middle portion to
the second end portion. Each spring is interlaced with an
adjacent spring on a first side of the spring and further is
interlaced with an adjacent spring on a second opposite side
of the spring thereby forming a toroidal structure extending
about an entire circumference of the tire.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 represents a schematic illustration of a conventional
wire mesh sheet.

FIG. 2 represents two sheets of interlaced helical springs
for use with the present invention.

FIG. 3 represents an intermediate step in forming the sheet
of FIG. 2.

FIG. 4 represents another intermediate step in forming the
sheet of FIG. 2.

FIG. 5 represents a step in securing two sheets, such as the
sheets of FIG. 2, together.

FIG. 6 represents a helical spring for use with the present
invention.

FIG. 7 represents the helical spring of FIG. 6 in a deflected
condition.

FIG. 8 represents a schematic illustration of a tire and
wheel assembly in accordance with the present invention.

FIG. 9 represents a section taken through line 9-9 in FI1G. 8.

FIG. 10 represents a section taken through line 10-10 in
FIG. 9.

DESCRIPTION OF AN EXAMPLE
EMBODIMENT

The tire may include an interlaced plurality of helical
springs (i.e., coiled wires which deform elastically under load
with little energy loss). The tire defines a toroidal shaped
structure for mounting to a wheel. The tire may contour to a
surface on which the tire engages to facilitate traction while
mitigating vibration transmission to a corresponding vehicle.
The helical springs support and/or distribute a load of the
vehicle. The tire may be pneumatic or non-pneumatic.

Under the weight of the vehicle, the tire may be driven,
towed, or provide steering to the vehicle. The helical springs
of'the tire may passively contour to any terrain by flexing and
moving with respect to each other. The interlaced structure of
the helical springs provides stability to the tire and prevents
the structure from collapsing as the tire rotates and engages
variably terrain.

The helical springs of the tire may be resilient through a
finite range of deformation, and thus a relatively rigid frame
may be used to prevent excessive deformation.

Radially oriented springs may be used to connect the tire to
the wheel. These springs may be interlaced. Other springs
may be incorporated with the tire at any bias angle, from
radial to circumferential, with the purpose of distributing
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load. These other springs may be helical springs. Further, as
one example, these other springs may extend circumferen-
tially around the tire at a radially outer portion of the tire.

External covering of some kind (i.e., a tread) may be added
to protect the helical springs from impact damage and/or to
change the tire’s ability to float and generate traction.

As one example, four basic steps may be utilized to manu-
facture one example tire: 1) twisting helical springs together to
form a rectangular sheet with a length corresponding to the
desired tire circumference; i) interlacing ends of the rectan-
gular sheet of springs to form a mesh cylinder; iii) collapsing
one end of the mesh cylinder and attaching it to a rim of a
wheel; and iv) flipping the other end of the mesh cylinder
inside out and attaching it to another axially opposite rim of
the wheel.

A tire in accordance with the present invention may be
utilized on Earth, the Moon, Mars, and/or any other planetary
body, since its elements operate reliably in atmospheric and
terrain conditions of these planets.

The tire may be utilized on its own, or incorporated as a
partial or auxiliary load support/distribution system within
another tire type. The tire, however, requires no air, requires
no rubber, operates in difficult environments, and contours to
all terrains.

The tire provides an improvement over the conventional
wire mesh tire of the Apollo LRV. The tire provides higher
load capacity, since wire size of the helical springs may be
increased with relatively little functional alteration. The tire
provides a longer cycle life, since wire stresses of the helical
springs are more uniformly distributed throughout the struc-
ture. Further, the tire provides relatively low weight per unit
of vehicle weight supported, since the interlaced helical
spring network is fundamentally stronger than the crimped
wire mesh. Additionally, the tire provides improved manu-
facturability, since the helical springs may be screwed into
one another, rather than woven together. Furthermore, helical
springs are able to compress and elongate to accommodate
manufacturing variations. Finally, the tire provides improved
design versatility, since load distribution springs may be
added to vary the tire strength in different tire locations and
directions.

The tire can provide relatively low energy loss compared to
tires that use frictional or hysteric materials in the carcass,
since the helical springs consume near zero energy during
deformation.

The tire contains redundant load carrying elements and can
operate normally even after significant damage.

A tire in accordance with the present invention may thus be
utilized where low vehicle energy consumption is required,
where tire failure poses a critical threat, for traveling through
rough terrain, where the vehicle is exposed to extreme tem-
peratures or high levels of radiation, and/or where the vehicle
is exposed to gun fire or bomb blasts.

As shown in FIG. 1, a woven wire mesh has been used for
a conventional lunar tire. However, as discussed above,
greater strength and durability is desired. FIG. 2 shows a
mesh sheet 50 of interlaced helical springs 55 that may pro-
vide greater strength and durability than the wire mesh. FIGS.
3,4, and 5 show intermediate steps in forming the mesh sheets
50, or plies, as shown in F1G. 2. In FIG. 3, a first helical spring
55 is shown being rotated thereby interlacing that same first
spring with a second helical spring 55. In FIG. 4, a third
helical spring 55 is shown being rotated thereby interlacing
that third spring with the already woven first and second
springs 55. In FIG. 5, two helical springs 55 are shown being
rotated for connecting each of two mesh sheets 50, or plies,
(i.e., the sheets of FIG. 2) of helical springs 55. FIG. 6 shows
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a single helical spring 55 for use as described above in FIGS.
2-5. FIG. 7 shows a single helical spring 55 deflected for use
in a tire, as described below.

As shown in FIGS. 8-10, an example assembly 100 in
accordance with the present invention includes a wheel 200
and a tire 300. The wheel 200 has an annular rim 202 at each
axial side for securing the tire 300 to the wheel. Each rim is
fixed 202 relative to the other rim 202. Each rim 202 may
include a plurality of socket holes 204 for aligning the tire 300
with the rim. Any other suitable means may be used for
securing the tire 300 to the rim 200.

The tire 300 may include a plurality of helical springs 310
extending radially away from the wheel 200 in an arching
configuration and radially back toward the wheel. Each end
315 of each spring 310 may be secured to wheel at a corre-
sponding rim 202 of the wheel. Each spring 310 has a middle
portion interconnecting the ends 315. Each end 315 may be
secured at an axial orientation (FIG. 9) or at an angled orien-
tation, with the spring 310 extending outward from one rim
202, then away from the wheel 300, then back over itself, then
inward, and finally toward the other rim 202. Each end 315 of
each spring may thereby be oriented coaxially (or at an angle)
with the other end 315 of the same spring.

Further, each spring 55 may be interlaced with adjacent
springs 55 (FIG. 2) enabling load sharing between springs. As
shown in FIG. 2, each spring 55 is interlaced, or interwoven,
with an adjacent spring 55 on a first side of the spring and
further being interlaced with an adjacent spring 55 on a sec-
ond opposite side of the spring. Thus, the springs 310 extend
radially and axially and form a laced toroidal structure
extending about an entire circumference of the tire 300
(FIGS. 8-10).

The helical springs 310 may be any suitable length, gauge,
and pitch. The helical springs 310 may vary in coil diameter
(i.e., barrel springs may be used) to create continuity in the
mesh through the range of radial positions in the tire. The
helical springs 310 may be further structured as two or more
plies, (FIGS. 2 & 5), one or more radially inner plies being
radially overlapped by one or more radially outer plies. The
helical springs 310 may be Ti—N alloy, steel, titanium, poly-
mer, ceramic, or any other suitable material.

In the foregoing description, certain terms have been used
for brevity, clearness, and understanding; but no unnecessary
limitations are to be implied therefrom beyond the require-
ment of the prior art, because such terms are used for descrip-
tive purposes and are intended to be broadly construed. More-
over, the description and illustration of the present invention
is by way of example, and the scope of the present invention
is not limited to the exact details shown or described.

Having now described the features, discoveries, and prin-
ciples of the present invention, the manner in which the
present invention is constructed and used, the characteristics
of the construction, and the advantageous, new, and useful
results obtained, the scope of the new and useful structures,
devices, elements, arrangements, parts, and combinations are
hereby set forth in the appended claims.

The following is claimed:

1. An assembly having a wheel and a nonpneumatic tire,
the nonpneumatic tire comprising a plurality of helical
springs, each helical spring comprising:

a first end portion, a second end portion, and an arching
middle portion, each helical spring being interlaced with
at least one other helical spring thereby forming a laced
toroidal structure extending about an entire circumfer-
ence of the tire, the toroidal structure supporting an
entire load placed on the nonpneumatic tire,
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the first end portions of a plurality of helical springs being
directly secured to a first annular structure of the wheel
and the second end portions of the plurality of helical
springs being directly secured to a second annular struc-
ture of the wheel,

the first end portion of each of the plurality of helical
springs being oriented coaxially with the second end
portion of each of the plurality of helical springs.

2. The assembly as set forth in claim 1 wherein the first and
second annular structures are disposed at each axial side of
the tire for securing the tire to the wheel.

3. The assembly as set forth in claim 1 wherein the toroidal
structure defines a first ply for the tire.

4. The assembly as set forth in claim 3 further comprising
a second ply, the second ply radially overlapping the first ply.

5. The assembly as set forth in claim 4 wherein the second
ply comprises a second laced toroidal structure having a
plurality of helical springs.

6. The assembly as set forth in claim 5 wherein each helical
spring of the second ply comprises:

a first end portion, a second end portion, and an arching
middle portion, each helical spring being interlaced with
at least one other helical spring thereby forming the
second laced toroidal structure extending about an entire
circumference of the tire,

the first end portions of a plurality of helical springs of the
second ply being secured to the first annular structure
and the second end portions of the plurality of helical
springs of the second ply being secured to the second
annular structure.

7. The assembly as set forth in claim 1 wherein the first and
second annular structures each include a plurality of socket
holes for aligning the nonpneumatic tire with the first and
second annular structures.

8. An assembly having a wheel and a nonpneumatic tire,
the nonpneumatic tire comprising a plurality of springs, each
spring comprising:

a first end portion, a second end portion, and an arching
middle portion interconnecting the first end portion and
the second end portion, each spring extending radially
outward from the first end portion to the middle portion
and radially inward from the middle portion to the sec-
ond end portion,

each spring being interwoven with an adjacent spring on a
first side of the spring and further being interwoven with
an adjacent spring on a second opposite side of the
spring thereby forming a toroidal structure extending
about an entire circumference of the nonpneumatic tire,
the toroidal structure supporting an entire load placed on
the nonpneumatic tire,

the first end portions of a plurality of helical springs being
directly secured to a first annular structure of the wheel
and the second end portions of the plurality of helical
springs being directly secured to a second annular struc-
ture of the wheel,

the first end portion of each of the plurality of helical
springs being oriented coaxially with the second end
portion of each of the plurality of helical springs.

9. The assembly as set forth in claim 8 wherein each spring

forms an arch extending radially outward from a wheel.

10. The assembly as set forth in claim 8 wherein the first
and second annular structures are disposed at each axial side
of'the tire for securing the springs to the wheel.

11. The assembly as set forth in claim 8 wherein the toroi-
dal structure defines a first ply for the tire.
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12. The assembly as set forth in claim 11 further compris- being interwoven with an adjacent spring on a second
ing a second ply, the second ply radially overlapping the first opposite side of the spring thereby forming the second
ply. toroidal structure extending about an entire circumfer-
13. The assembly as set forth in claim 12 wherein the ence of the tire,

second ply comprises a second toroidal structure having a 5 the first end portions of a plurality of helical springs of the

plurality of springs. . . . second ply being secured to the first annular structure

1.4. The assembly as set foth in claim 13 wherein each and the second end portions of the plurality of helical

spring of the second ply comprises: . . springs of the second ply being secured to a the second
a first end portion, a second end portion, and an arching annular structure.

middle portion interconnecting the first end portionand 1, 15 The assembly as set forth in claim 8 wherein the first

the second end portion, each spring of the second ply and second annular structures each include a plurality of

extending radially outward from the first end portion to socket holes for aligning the nonpneumatic tire with the first
the middle portion and radially inward from the middle and second anmular structures.

portion to the second end portion,
each spring of the second ply being interwoven with an
adjacent spring on a first side of the spring and further L
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